wo 2005/015384 



1 



PCT/AU2004/001077 



SHOCK ABSORBER ASSEMBLY 

Field of the Invention 

This invention relates generally to shock absorbers but is particularly useful 
for shock absorber assemblies in vehicle suspension systems, especially in heavy 
5 duty applications such as trucks and industrial vehicles, and off-road racing 
vehicles. The invention will primarily be described In this context in this 
specification but It will be understood that the invention Is broadly applicable to 
shock absorbers in general. Other applications Include motorcycles, industrial 
machinery, industrial switch gear systems, and suspension systems for seats, 
10 particulariy vehicle seats, truck cab suspensions or the like. 

Background Art 

Vehicle suspension systems fall Into a variety of broad sub-classes 
according to the mechanism by which motion is damped and smoothed. One such 
sub-class relies on a fluid system in which a suitable, typically substantially 

15 incompressible, fluid is forced through one or more valve devices at one or more 
predetermined controlled rates so as to dampen a relative movement, typically a 
reciprocal telescopic movement, between two components. The valve devices are 
typically double-acting and so are relatively complex, requiring separate ducting 
and separate one-way valving for each direction of flow. Resiliently deformable or 

20 axlally moveable shim packs are a typical form of one-way valving, while flow 
passages for the two directions of flow are commonly accommodated In a single 
valve body. 

It is an object of the Invention to provide an Improved shock absorber 
assembly of the type having a fluid damping mechanism. 

25 Summary of the Invention 

The invention provides a shock absorber assembly Including a motion 
damping means that is filled with a fluid in operation and has a pair of relatively 
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moveable parts and valve means permitting flow of the fluid between the parts, the 
parts comprising a first part and a second part in which the first part is receivable 
whereby the parts are arranged for relative retracting and extending movement 
during which fluid is forced through said valve means at respective predetermined 
5 controlled flow rates so as to dampen said movement. 

The relatively moveable parts contain respective primary chambers for the 
fluid and the first part is substantially smaller In cross-section than the second part 
to define an intemiediate chamber about the first part within the second part. 
There Is further included lateral port means communicating the intermediate 
10 chamber and the primary chamber of the first part. The aforesaid flows at 
respective predetemiined contnslled flow rates are limited to respective flows (i) 
directly from the primary chamber of the first part to the primary chamber of the 
second part and (ii) via said intermediate chamber and lateral port means from the 
primary chamber of the second part to the primary chamber of the first part. 

15 Preferably, the first and second parts comprise telescoplcally interengaged 

tubes respectively of relatively smaller and larger diameter. Advantageously, the 
valve means is provided in a valve body fixed at an inner end of the tube 
comprising the first part. The lateral port means then conveniently comprises d 
plurality of spaced individual ports in the tube comprising the first part. 

20 Preferably, the lateral port: means is positioned whereby, during extending 

movement, the lateral port means is covered near the end of the movement, 
whereby fiuid In the intermediate chamber cushions further extending movement. 

The assembly may further include respective sets of shims in part 
determining the respective predetermined controlled flow rates and further 
25 determining the respective directions of flow. 

The assembly preferably further includes pressurised-gas cushioning 
means Including structure defining a first cavity for storing a pressurised gas and a 
second cavity for storing a fluid under pressure, and a floating piston sealingly 
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separating the cavities, wherein the second cavity is in fluid flow communication 
with the motion damping means. Further preferably, said movement is such that 
when the aforesaid parts relatively extend, fluid is caused to flow from the second 
cavity of the pressurised-gas cushioning means to the damping means whereby 
5 gas pressure In the first cavity moves the floating piston to reduce the gas 
pressure In the first cavity, and when the parts relatively retract, fluid is caused to 
flow from the damping means to the second cavity whereby to move the floating 
piston to increase the gas pressure of the gas in the first cavity. 

In one embodiment the first part of the motion damping means and the 
10 aforesaid structure of the pressurlsed-gas cushioning means are integral whereby 
the second cavity and the primary chamber of the first part comprise a single 
chamber. For example, the first part of the motion damping means and the 
structure of the pressurised-gas cushioning means are provided by a single tube. 

In an alternative embodiment, the pressurised-gas cushioning means and 
15 the motion damping means are substantially separate units and a conduit is 
provided for the fluid flow communication between the motion damping means and 
the second cavity. In one an-angement, this conduit is between the primary 
chamber of the first part of the motion damping means and the second cavity. 
Alternatively, the conduit may be between the primary chamber of the second part 
20 of the motion damping means and the second cavity. 

The valve means may be such that the respective predetermined controlled 
flow rates in the respective directions are different whereby to vary the damping 
characteristics according to whether the aforesaid movement Is relative retracting 
or extending movement. 

25 The assembly may further include cooling means for reducing the 

temperature of the assembly during operation. 
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Brief Description of the Drawings 

The present invention will now be described, by way of example only, with 
reference to the accompanying drawings, in which: 

Figure 1 is a fragmentary cross-sectional view of a shock absorber 
5 assembly according to a first embodiment of the Invention, incorporating 
pressurised-gas cushioning means in an integrated telescopic structure; and 

Figure 2 is a similar view of a second embodiment of the invention In which 
the pressurlsed-gas cushioning means Is provided in a separate housing. 

Description of Embodiments of the Invention 

10 The shock absorber assembly Illustrated In Figure 1 is an Integrated shock 

absorber unit 10 that Includes pressurised-gas cushioning means 11 and would 
typically be one of a number of such units fonning auxiliary components of a 
suspension system In a vehicle. The units may be acting individually or be linked 
in a fluid circuit to provide a managed and balanced suspension response. 

15 Shock absorber unit 10 has a first cylindrical tube 12 received within a 

second cylindrical tube 14 so that the two tubes constitute mutually reciprocably 
moveable parts. Tube 12 is connected to tube 14 through a head 13 of tube 14 
that Includes a sealing configuration 17 about tube 12. 

Tube 12 incorporates gas cushioning means 11 and to this end is provided, 
20 in this case at its outboard or proximal end, with a filling valve 18 for introducing 
gas, such as nitrogen or similar, under pressure into the tube 12 to fill a first cavity 
or chamber 20 located at or towards the proximal end of tube 12 for storing gas 
under pressure. A double sided floating piston 22 or other suitable separating 
element, eg. a diaphragm or the like, Is provided Intermediate the two ends of tube 
25 12. The first chamber 20 Is fomied between filling valve 18 and piston 22. A 
second chamber 24 Is fonmed between piston 22 and the inboatxl or distal end of 
tube 12. Hydraulic fluid flils the second chamber 24 of tube 12. 
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A double acting valve arrangement 26 is provided in a valve body 25 at or 
towards the inboard or distal end of tube 12. Valve body 25 slidably engages the 
cylindrical interior surface 15 of tube 14 and separates chamber 24 from larger 
chamber 29 defined within tube 14 between valve body 25 and an end cap 27 of 
5 tube 14. Elsewhere In this specification, chambers 24, 29 are referred to as the 
primary chambers of tubes 12, 14. 

Valve arrangement 26, and tubes 12, 14 form motion damping means filled 
with hydraulic fluid In operation. Valve body 25 moves through the hydraulic fluid 
or the hydraulic fluid moves through the valve body In accordance with 
10 corresponding movement of tube 12, depending on whether the valve body 25 is 
fixed or free to move. Preferably, the valve arrangement Is fixed about the end of 
tube 12 by transverse fastening screws 27. 

Tube 12 is substantially smaller (an internal cross-sectional area ratio of the 
order of 1:12) in cross-section than tube 14 so that an intemiediate variable- 
15 volume annular chamber 52 is provided within tube 14 and about tube 12 between 
head 13 and valve body 25. Fluid communication between chamber 24 and 
chamber 52 is provided by a ring of bleed ports 56 in tube 12, displaced axially 
from valve body 25. 

The individual valving of valve anrangement 26 is such to allow fluid to flow 
20 in one direction at one rate when tube 12 moves in a first axial dIrBction and to 
flow in the opposite direction at a second rate when tube 12 moves in the opposite 
direction. The rate of movement of fluid through the valving is dependent on the 
number, size and anrangement of ttie apertures, ports or ducts 40, 50, and on the 
flow control elements, in this case shim packs 54, 55, forming the actual valving 
25 within valve arrangement 26. 

More specifically, when the tubes 12, 14 relatively retract, ie., during 
compression, fluid is forced into chamber 52 via a ring of outer ducts 50 parallel to 
the axis of the valve body 25 within and adjacent the periphery of the valve body, 
against annular non-return shim pack 54. Shim pack 54 is retained about a 
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rebated end portion 12a of tube 12 between valve body 25 and a peripheral 
shoulder 53 on the tube. From chamber 52, fluid flows Into chamber 24 via ports 
56. On extension or rebound, shim pack 54 closes ducts 50, and fluid flows from 
chamber 24 Into chamber 29 via a ring of oblique ports 40 of valve an^ngement 
5 26, controlled by disc-like non-retum shim pack 55. Shim pack 55 is retained on 
the outer face of valve body 25 by an axially located bolt 51. In other 
embodiments, shim packs 54, 55 may be substituted by other fomns of one-way or 
non-return valves, eg. spring-loaded ball valves. 

When head 13 passes ports 56, the residual fluid In chamber 52 cushions 
1 0 further relative motion of tubes 1 2, 1 4, and thereby provides hydraulic top-out. 

Both ends of Integrated unit 10 are provided with suitable fittings such as 
eye 45 to enable the unit to be located In place as part of the suspension system 
of a motor vehicle. It is to be noted that any suitable fitting can be provided at 
either or both ends of this form of the unit. If necessary or desirable, one or both of 

15 tubes 12, 14 can be provided as desired with cooling fins to cool component 10 in 
use, or with outer cooling jackets for receiving recycled coolant to cool component 
10. Additionally or alternatively, the outer surface of damping tube 14 (especially 
at)out chamber 52) Is provided with removable, replaceable and/or 
Interchangeable air cooling fins locatable around the outside of the outer wall of 

20 tube 14 for Increased cooling if required. 

In operation of this form of the shock absorber unit, the outboard end of 
damping tube 14 Is fixedly located to suspension components of the wheel of a 
motor vehicle, or to another component which is connected either directly or 
Indirectly to a road wheel of the vehicle, so as to act as a shock absorber for the 
25 suspension component. Thus, tube 14 moves In accordance with substantially 
vertical movement of the wheel over bumpy or rough terrain or the like. The 
outboard end of tube 12 is connected to the body work of the motor vehicle or 
other fixed component and Is thus fixed in place. 
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In operation when a road wheel encounters a bump in the form of a crest or 
rise or similar, damping tube 14 is forced by the suspension of the wheel towards 
tube 12 so that the length of the combined component 10 is reduced. In turn, the 
Inboard end of tube 12 is forced further into the body of tube 14, thereby pumping 
5 hydraulic fluid from within tube 14 through valve, arrangement via ducts 50 into 
chamber 52, then via ports 56 into chamber 24. As the volume of fluid being 
forced into chamber 24 increases, piston 22 travels axially along the inside wall of 
tube 12 towards the outboard or proximal end of this tube thereby further 
compressing the gas in chamber 20 and increasing the internal pressure within 
10 component 10. This in turn offers increasing resistance to further movement of 
tube 14, thus limiting the amount of travel of tube 14 which in turn limits the 
amount of travel of the road wheel in a substantially vertically upwards direction. 

When the road wheel returns to its normal position, such as for example, 
when rebounding or when encountering a trough or crest in the road, the length of 

15 integrated unit 10 is increased by tubes 12 and 14 telescopically expanding with 
respect to each other, thereby allowing fluid to move from chamber 24 into tube 14 
via ducts 40. This reduces the amount of fluid in chamber 24, allowing piston 22 to 
move under the increased gas pressure of the compressed gas stored In chamber 
20 which in turn reduces the compression or gas pressure of the gas in chamber 

20 20. Further fluid is pumped into tube 14 until all of the pressures equilibrate. The 
rate at which fluid can flow through valve arrangement 26 limits the amount of 
travel of the road wheel in the substantially vertically downward direction. 

The arrangement of valve body 25 so that fluid flow between chambers 24, 
29 in one direction is via annular intermediate chamber 52, instead of directly 

25 between chambers 24 and 29 In both directions, permits a much clearer and 
simpler construction of the valve body. The two sets of multiple, angulariy-spaced 
ducts 40, 50 can be radially separated rather than entwined in a common radial 
zone, which both simplifies construction and improves flow lines. Further 
simplification arises because the intake ports of each duct set are automatically 

30 clear of the shim pack for the other duct set because of the radial spacing. The 
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resulting improved fluid flow lines reduces heat build-up at the valving, an 
important benefit in heavy duty applications such as off-road vehicle racing. 

A further benefit of the illustrated construction is that the clean separation of 
the duct and shim packs for the two directions of fluid flow permits better rebound 
5 control because of the radially distinct flow locations, and additionally permits 
incorporation of a cushioning hydraulic top out on the extension stroke In the 
manner already noted. 

The presence of the high pressure gas cushioning features provides the 
ability to adjust the gas pressure to an appropriate level and so reduce the 
10 incidence of "bottoming out" of the suspension system. Operational parameters 
can also be adjusted by modifying the shim packs or varying the cross-sectional 
sizes and/or numbers of ducts 40, 50 and ports 56. 

Figure 2 depicts a second embodiment 110 into which the gas cushioning 
means Is provided as a separate unit 111 in housing 100. Elements of this 
15 embodiment having counterparts in the first embodiment are indicated by like 
same reference numerals preceded by a "1". Tube 12 of the first embodiment has 
been replaced by a solid shaft 105 axially bored at one end to define a tubular 
segment 112 and chamber 124. Ports 156 are provided in this tubular segment 
112. 

20 Gas cushioning unit 111 comprises a generally cylindrical housing 100 with 

closed ends 101, 102, divided internally by a floating piston 122 into a hydraulic 
fluid or oil chamber 104 and a pressurised-gas chamber 120. Gas filling valve 118 
for chamber 120 is provided in cylinder end 101. Chamber 104 is in open flow 
communication with primary fluid chamber 129 via duct 106, which opens into 

25 chamber 129 at its axial end opposite valve body 125. 

It will of course be appreciated that, while Figure 2 shows housing 100 in 
close proximity to tube 114, this is by no means necessary. Housing 100 might be 
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alternatively located at a remote location, and duct 106 might then be a flexible 
line linking the two chambers 104, 129. 

This embodiment functions in a similar manner to the first embodiment. 
However, the provision of the high-pressure gas cushioning in a larger diameter 
5 auxiliary chamber allows a more effective rising rate during operation, especially 
compared to conventional shock absorbers where the piston moves very little and 
so there is little change in rising rate. 

In the second embodiment 110, rebound compression adjustment can be 
achieved by modifying shim packs 154, 155, or compression can be Increased by 
10 varying the gas pressure in chamber 120 using filling valve 118. Compression can 
be adjusted by using adjuster restrictor 160 to vary the flow through duct 106. 
Rebound is adjustable by axial movement of interna! end cap 170 in chamber 124, 
utilising rod 172, to restrict flow through ports 156. 



